Objective: to investigate the association between muscle strength, biomechanical functional moments during everyday tasks and health-related quality of life (HRQoL) in older adults. Methods: eighty-four healthy adults aged 60-88 years were tested. A torque dynamometer was utilised to measure muscle moments at the knee and hip joints. Functional assessment involved three-dimensional biomechanical analysis of gait, chair rise and sit-down, stair ascent and descent using an 8-camera VICON® system with Kistler force plates. HRQoL was assessed using the Short Form-36 (SF-36) questionnaire. Results: Spearman's correlation coefficient showed significant correlation (P < 0.001) between isometric strength and functional moments (r = 0.24-0.67). Muscle strength was significantly correlated with SF-36 scores, including physical functioning, bodily pain, vitality, social functioning and role emotional scores. Knee flexion moment was correlated with role physical, vitality, social functioning, role emotional, mental health and mental component scores (r = 0.24-0.40). Conclusion: loss of muscle strength is associated with poorer functional ability and both are associated with reduced HRQoL. The reduction in HRQoL is considerable in the physical functioning domain. Cause and effect was not established but studies need to be undertaken to evaluate the benefits of strength training, functional activity training or increased participation in life.
Introduction
There is increasing recognition of the impact of loss of muscle strength on health outcomes in older people particularly in terms of increased risk of disability, morbidity, mortality, hospitalisation, falls and significant health-care costs [1] [2] [3] [4] . An association between general health (GH) and muscle function in relation to muscle mass [5] and grip strength [6, 7] has been reported in healthy older adults. Research into the relationship between physical performance and quality of life (QOL) in a non-healthy population of older adults reported a disease dependent reduction in knee extensor strength, grip strength, functional activity and quality of life [8] . Intervention studies aimed at improving muscle function have highlighted the importance of strength training to physical and emotional well-being of individuals with medical conditions [9, 10] . The interrelationships between impairments (muscle strength), activity limitations (reduction in joint moments during functional activity) and participation restriction [health-related quality of life (HRQoL)] have not been evaluated in healthy older adults. Hence, research is required to investigate the link between muscle strength, required functional moments produced during a variety of functional activities and HRQoL, in older adults. Muscle function is an important determinant of mobility and physical performance and internal joint moments produced by muscles help counteract the external moments generated at the joints during everyday activities Therefore, one would expect a relationship between them. More controversial is if reduced functional ability effects HRQoL.
HRQoL can be ascertained using a wide range of questionnaire-based tools; however, the Short Form-36 (SF-36) has been widely accepted as a measure of HRQoL and is an appropriate instrument for use with older adults [11] [12] [13] . HRQoL is a generic measure of quality of life with emphasis on both negative health and positive well-being of an individual. Hence, the purpose of this study is to perform a comprehensive analysis of the interrelationships between muscle strength, biomechanical functional moments and HRQoL in non-elite healthy communitydwelling older adults.
Methods
According to Helsinki Declaration, approval was sought and obtained from the ethics committee of the Bioengineering Unit, University of Strathclyde. All participants provided written informed consent prior to participation in the study.
Participants
The study sample consisted of 84 healthy older adults aged between 60 and 88 years (mean age 73.2 ± 7.3); 41 males and 43 females recruited through posters placed in older adult organisations in the West of Scotland. Participants were divided into six subgroups based on their age and gender. For example, group 1 (60 m) composed by 15 males aged 60-69 years, group 2 (70 m) with 15 males aged 70-79 years, group 3 (80 m) with 11 males aged over 80 years, group 4 (60 f ) with 15 females aged 60-69 years, group 5 (70 f ) with 15 females aged 70-79 years and group 6 (80 f ) with 13 females aged over 80 years. Participants from a wide range of social, economic and educational backgrounds were recruited provided they met specific criteria [14] and those with neurological conditions, musculoskeletal disease or systemic disorders were excluded from the study. Participants attended the Biomechanics Laboratory at the University of Strathclyde for two, 2-h sessions, one for muscle strength tests and one for biomechanical assessment. Body mass and height were measured using a weighing scale and stadiometer, respectively.
Equipment and protocol

Muscle strength measurements
A torque dynamometer attached to a purpose-built plinth was utilised to measure isometric muscle moments. A description of the equipment utilised for testing lower extremity strength has been presented elsewhere [15] . Muscle strengths were tested through joint range for knee extensors and flexors (at 90, 60 and 20°of knee flexion) and hip extensors and flexors (at 45, 30 and 0°of hip flexion). The test positions were standardised and an upper body harness system and a pelvic strap were utilised to isolate force measures to the individual muscle groups tested. Maximal isometric contractions were held for 3 s each, with a 30-s rest period between consecutive contractions. A sub-maximal practice trial was performed prior to actual testing and a 60-s rest period was provided between trials. The maximum value from two trials was used in the analysis.
Biomechanical analysis
A full-body three-dimensional biomechanical assessment was carried out during functional activities (i.e. gait, chair rise, sit-down, stair ascent and descent) using a VICON® (Vicon v 4.4; Oxford Metrics, UK) 8-camera motion analysis system (120 Hz) with 3 Kistler forceplates (1080 Hz). A standard height chair (460 mm) and a custom-built fourstep instrumented stairway (step height, 185 mm; depth, 280 mm) with hand rails was utilised. A full-body marker placement protocol was developed to enable identification of bony landmarks while minimising artefacts caused by soft tissue movement. The participants wore tight lycra body suits and normal shoes during the tests. Fourteen millimetre reflective markers were attached using doublesided wig tape to the bony landmarks. Participants performed three practice sessions at a self-selected speed and data were captured for three subsequent repetitions of each activity. Vicon BodyBuilder was used to analyse the data, calculate joint angles and moments.
Health-related quality of life
The United Kingdom (UK) version of SF-36, health survey questionnaire was used to obtain information on the participants' HRQoL. This questionnaire consists of 36 items covering eight dimensions namely physical functioning (PF), role limitations due to physical problems (RP), role limitations due to emotional problems (RE), social functioning (SF), mental health (MH), vitality (VT), pain (BP) and GH perception and provides two summary scores namely physical component summary (PCS) and mental component summary (MCS) scores [16] . The interviewer administered the questionnaire. The responses recorded in the questionnaire were manually entered into a spreadsheet. The scores for each item in the different dimensions were then coded, summed and transformed onto a scale from 0 to 100 using the standard SF-36 Scoring Algorithm implemented in SPSS.
Statistical analysis
Descriptive statistics were computed in Excel and analysis was carried out using SPSS version 16. The relationships among the measures were analysed using Spearman's correlation coefficient as data were not normally distributed. Statistical significance was set at P < 0.05.
Results
Isometric strength values obtained from tests performed at three different joint positions for a muscle group were averaged to give an overall strength value for that muscle group. Consequently, the strength information was reduced to seven overall strength values. This included the overall flexor/extensor strength at hip and knee, hip abductor, hip adductor strength and overall handgrip strength (average value of the left and right hand). Participant characteristics, SF-36 scores and muscle strength values are presented in Table 1 . Muscle strength was reduced in the oldest old and participants in their 80's had approximately 76-84% of the strength of those in the 60-70 years age category. The results from maximal isometric strength testing have been reported in detail in an earlier publication [15] . Older men had lower PF, BP, SF and PCS scores and SF-36 scores for women were lower than men. Peak functional moments and peak joint angle obtained from functional activity measurements were averaged across the five activities for flexion and extension of the hip and knee. Consequently overall functional moments for knee flexors, knee extensors, hip flexors, hip extensors and the corresponding peak joint angles were obtained. The findings from our biomechanical tests have also been reported elsewhere [17] .
Comparing between the impairment-functional activity domains as encouraged by the WHO [18] , significant correlation (r = 0.24-0.67; P < 0.05) was noted for all relationship between the isometric muscle strengths and functional moments recorded, except for the hip adductor strength versus hip extension moment combination. However, both muscle strength and functional joint moment are associated with body weight and this might account for some of the relationship. Hence, isometric strength values and the functional moments were normalised for body weight and the correlations were computed again. The correlation coefficients were slightly less after normalisation but significant correlation (r = 0.24 to 0.52; P < 0.05) was observed between strength and functional moments in 16 out of 28 combinations. The correlation coefficients and the corresponding P-values for impairment and functional activity relationship are presented in Table 2 .
In the functional activity-participation domains, correlations between peak functional moments and SF-36 scores were significant for 10 out of 40 combinations with only knee flexion moment and hip flexion moment showing significant correlation with some SF-36 scores. Table 3 with VT, RE, MH and MCS scores (r = 0.23-0.33). The results show a low correlation between the variable. In the impairment-participation domains, significant correlations were observed between isometric strength measures and SF-36 scores. In general, most strength measures showed significant correlation (r = 0.22-0.38; P < 0.05) with PF, BP, VT, SF and RE scores. However, comparisons between muscle strength measures and the PCS score showed significant correlation for only two out of seven combinations, i.e. hip extensor strength (r = 0.25, P = 0.032) and abductor strength (r = 0.27, P = 0.018). The five SF-36 dimensional scores that showed the highest number of significant correlations with muscle strength measures were chosen to highlight the relationship between muscle strength and participation in life. These were PF, BP, VT, SF and RE scores.
Discussion
The current study has presented a detailed analysis of the associations between muscle strength, biomechanical functional moments and HRQoL in a sample of 84 older adults.
Muscle strength was significantly correlated with SF-36 scores, which included PF, BP, VT, SF and RE scores [6, 7] . This suggests that lack of strength affects the physical tasks in the physical function domain. Although we should remember cause and effect have not been demonstrated and it may be reduced quality of life in older age could lead to inactivity and loss of muscle strength. However, the association between grip strength and HRQoL was independent of physical activity suggesting that this is a less likely explanation [6] . The decline in PF, RP and BP scores was found to be more marked than the other scores in keeping with the data published earlier [19] . Participants perceived that strength affected their ability to perform the activities listed under the physical function dimension of the SF-36 questionnaire. Those with 'good' muscle strength possibly also had more vitality and less bodily pain. Older adults who had a lot of energy and less bodily pain are likely to undertake more in life in terms of fulfilling their societal roles and this might have resulted in their improved physical, social and emotional function. For the relationship between knee extensor strength and SF-36 scores, there was a ceiling effect due to the scoring with a majority of subjects obtaining a maximum score of 100 on the dimensional scores. Hence, a linear relationship was not observed between the two variables. Instead, there might be a threshold strength below which performance of everyday activities was limited and was reflected in quality of life. The amalgamated scores namely PCS and MCS did not correlate with muscle strength perhaps cautioning against their use. Therefore, the use of the eight dimensional scores in movement studies such as the present study is recommended over the two overall standardised scores. Muscle strength was important for enhanced participation in life as was evident from the significant correlations observed between the strength and quality of life measures.
Previous studies investigating the relationship between strength and function have generally compared muscle strength with a global measure of function such as maximum walking speed as opposed to the functional moments produced at the lower extremity joints during specific everyday activities [20] [21] [22] . Our isometric strength measures were moderately correlated (r = 0.51-0.67, P < 0.001) with peak flexion moments at the knee and hip joints. This showed that strength of knee extensors and hip extensors was important in order to generate the required functional moments for carrying out everyday activities. In the light of the above findings, muscle strength could be suggested to be vital for function and that the loss of strength might produce limitation in the performance of everyday activities in older adults. The angles of peak knee flexion and hip flexion obtained in the functional tasks were also significantly correlated with isometric strength. The functional activities studied were performed mostly in flexed positions at the knee and hip joints and hence, muscle strength at these a Correlation significant at P < 0.001. ns, correlation is not significant. '−' Sign convention adopted was that extension/adduction moments were negative and flexion/abduction moments were positive.
joints was required to support the external moments generated by bodyweight in these flexed positions. In general, peak functional moments were not correlated with the SF-36 scores probably due to the lack of sensitivity of the SF-36 and the relatively small sample for these types of measures. However, a small number of significant correlations were observed between the two domains. Owing to the nature of the study, it is not possible to determine the causeeffect relationship between the variables. Therefore, with regard to strength versus function, it would be fair to suggest that those who had adequate muscle strength were not limited in their functional activities or on the other hand, those who kept performing their functional activities in turn preserved their muscle strength. Those who could generate larger moments could function more normally and hence had a better quality of life. Finally those with strength in the lower limbs could do more and had a better quality of life. The WHO encourages us to keep these possibilities in mind. Given that strength, functional ability as measured by the ability to develop larger more normal joint moments during everyday tasks and quality of life are related the possibility exist to intervene in one or more domains and improve strength, functional ability and quality of life. We could offer strength training as is frequently done for other groups, we could encourage functional activity and independence training (although if lack of strength is the cause this might put the older adults at risk of falling) or we could attempt to improve quality of life through increased participation (although this might be difficult if strength is limited). Grip strength is associated with age-related changes in different body systems [23] ; hence, the relationship between loss of strength and HRQoL may reflect the association with frailty [6] Therefore, individuals with sarcopaenia may benefit from targeted exercise interventions to improve muscle mass and strength.
From a rehabilitation point of view, it seems most logical to undertake initial strength training, then add functional task training followed by a programme designed to increase QOL and participation so as to preserve the improvements made. From a public health perspective, our results show the importance of keeping active in life so that functional independence can be maintained and suitable joint moments developed in everyday task so preserving muscle strength. In other words, the best form of strength and functional training available is an active life itself.
Conclusions
In conclusion, the interrelationships between impairments, functional activity and participation in older adults were explored in this study. The findings highlighted that muscle strength had a significant effect on functional activity and quality of life in older adults. Lower SF-36 scores reflect difficulty in carrying out every day activities. The causal relationships among the domains could not be established through the correlation analysis. However, it could be sug- functioning and without adequate muscle strength participants might be limited in performing functional activities in a safe and an efficient manner and hence having a full and active life.
Key points
• It is often thought that age-related decline in physical capabilities might lead to older adults experiencing difficulty in performing daily activities and so impact on participation in everyday life although there is little objective data in this regard.
• The objective of this study was to investigate the interrelationships between muscle strength which is indicative of sarcopenia, functional activity characterised by biomechanical moments and SF-36 scores, a marker of HRQoL in community-dwelling older people.
• Muscle strength was significantly correlated with functional activity and HRQoL and older adults who had lower SF-36 scores experienced difficulty in performing everyday tasks. Those without adequate muscle strength may be limited in performing functional activities in a safe and an efficient manner and hence having a full and active life. As strength, functional ability and HRQoL are related the possibility exists to intervene in one or more domains and improve the above areas.
